New methacrylic monomers containing pendant azobenzene structures have been prepared by reacting azobenzene assemblies possessing phenolic functions with methacryloyl chloride. The most favorable synthetic routes are described together with the yields obtained. The new monomers have been purified and completely characterized by elemental analysis and melting points, as well as by recording their UV, FT-IR and NMR spectra.
Introduction
In recent years azobenzene derivatives have been widely investigated as promising non-linear optical (NLO) materials [1] [2] [3] [4] [5] due to their high hyper-polarizability, simple preparation methods and good processability. Researchers all over the world are nowadays able to tailor molecular structures for increased non-linear response, often labeled as molecular engineering. We must underline that the large choice of commercially available substrates (raw materials) has contributed to diversification of such products.
Polymer containing azo-dye systems are of interest in photorefractive research [6] , in optical data storage based on the photo-chromic [7] and holographic surface relief gratings processes [8] [9] [10] [11] . Azobenzene polymeric systems possess certain advantages for high optical non-linearities due to photo-induced trans-cis isomerization, molecular reorientation and non-linear absorption [9] . They also offer excellent environmental, thermal and chemical stability [12] .
With regard to synthesis strategies, the production of monomer(s) containing chromophores followed by (co)polymerization still remains the most convenient route to prepare polymers useful in non-linear optics. In our previous papers [13, 14] we have shown that introducing side-chains chromophores through binary copolymerization may implicate some undesired phenomena, such as chain transfer, or even retardation; the main impediment was that the molecular mass of the resulted copolymers decreased, thus worsening the processability of the final products. Another category of monomers has been recently tested in co-polymerization [15] , but they failed to give high molar mass co-polymers, due to their selfinhibition effect.
To overcome this problem we have synthesized some new azobenzene monomers containing methacrylate groups; in the present paper, a complete and detailed characterization of these monomers is put forward. The introduction of more than one donor and acceptor substituents in a push-pull arrangement to monomer structure through the di-phenyl azo group has been expected to make them highly attractive in producing polymeric non-linear optical materials.
Experimental

Materials
Methacryloyl chloride (Alfa Aesar, 97%), 4-aminobenzonitrile (ABN, Merck, 98%), 4-nitroaniline (pNA, Merck, 98%), 2-cyano-4-nitroaniline (CNNA, Aldrich, 95%), 2,4-dinitroaniline (DNA, Merck, 99%), 6-chloro-2,4-dinitroaniline (CLDNA, Aldrich, 97%) and 2,6-dimethyl phenol (DMP, Aldrich, 99.5%) were used as such. Triethylamine (TEA), chloroform, ethanol (EtOH) and methylene chloride have been freshly distilled before use.
Characterization
FT-NMR spectra were recorded in CDCl 3 -d 1 (chloroform) on a Varian Unity Spectrometer at 400 MHz. FT-IR spectra were recorded on a Bruker Vertex 70 Spectrometer fitted with Harrick MVP2 diamond ATR device. The elemental analysis was carried out on a Costech ECS 4010 analyzer. UV-Vis absorption spectra were recorded at 25 • C in dioxane on a Cintra 101 spectrophotometer.
Synthesis
The methacrylate monomers were prepared in a two-step procedure as given in Fig. 1. azo]-2,6-dimethylphenol (C2) [16] 4-Aminobenzonitrile (50.8 mmol) and 4-nitroaniline (50.8 mmol) were mixed with 10 ml H 2 O and NaNO 2 (51 mmol) to form a paste, which was subsequently poured into a mixture of crushed ice (15-20 g) and 18 ml HCl (36%). The reaction was carried out for 0.5 h in an ice bath. The diazonium solution was allowed to warm up to room temperature and then added slowly over the phenoxide solution prepared as follows: DMP (50.9 mmol) was dissolved in sodium hydroxide solution (100 ml warm water with NaOH (51 mmol)) and Na 2 CO 3 (51 mmol). The reaction was allowed to continue for 1 h, and then the crude precipitate was filtered off and washed several times with saline water and later dried under vacuum at 60 • C for 24 h.
Synthesis of (4-[N -(4-Cyanophenyl)azo]-2,6-dimethylphenol (C1) and
Compound C1 was recrystallized from EtOH (dark-yellow crystals, mp = 194-198 • C, yield 76%).
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Synthesis of (4-[N -(2-Cyano-4-nitrophenyl)azo]-2,6-dimethylphenol (C3) and (4-[N -(2,4-Dinitrophenyl)azo]-2,6-dimethylphenol (C4) [17]
A nitrosyl/sulfuric acid solution was prepared in advance: solid dried NaNO 2 (39 mmol) was added portion-wise to H 2 SO 4 (98%, 22.4 ml for CNNA and 45.6 ml for DNA), that had been pre-cooled to 0-5 • C. After 15 min stirring, the mixture was heated up to 70 • C, and then cooled down to 10-15 • C. Powdered CNNA (37 mmol)/DNA (37 mmol) was carefully added, within 2 h, to the prepared ni-trosyl/sulfuric acid solution, without exceeding 20 • C. After that, the reaction was allowed to continue another 2 h in an ice bath and then it was poured slowly over a cooled phenoxide solution prepared as before. The precipitate was filtered and dried in the same manner.
Compound 
Synthesis of (4-[N -(6-Chloro-2,4-dinitrophenyl)azo]-2,6-dimethylphenol (C5) [18]
NaNO 2 (29 mmol), dried and powdered, was slowly added to 12.5 ml H 2 SO 4 (98%) under stirring, maintaining the temperature below 15 • C. After 0.5 h the mixture was heated up to 70 • C, and then cooled down to room temperature, when the NaHSO 4 was allowed to precipitate. CLDNA (27.6 mmol, powdered and dried) was dissolved in 44 ml CH 3 COOH under continuous stirring and heating, then the mixture was cooled down to 15 • C, when small, fine portions of CLDNA precipitated. Then the nitrosyl-sulfuric acid solution was added drop wise to the acetic suspension (within 0.5 h) and allowed to react for another 2 h below 15 • C. The orange diazonium solution was poured carefully into the phenoxide solution prepared in the same manner as for compounds C1-C4.
Compound C5 was recrystallized from a petroleum ether/CHCl 3 mixture (4:6) (brown crystals, mp = 158-160 • C, yield 50% 
Synthesis of Azobenzene Methacrylic Monomers M1, M2, M3, M4, M5
In a similar reaction, 8 mmol C1 was taken in a round-bottom flask fitted with an argon inlet and stirrer and dissolved in 40 ml CH 2 Cl 2 . Then, 1.1 ml (8.1 mmol) TEA was added under argon atmosphere and continuous stirring at a temperature between 0-5 • C. To the resulting mixture a cooled solution of 10 ml of CH 2 Cl 2 and 0.65 ml (8.1 mmol) methacryloyl chloride was added under argon atmosphere and continuous stirring, also between 0-5 • C. The reaction was carried out for 2 h in the range 0-5 • C and for 1 h at 25 • C. The precipitated triethylammonium chloride was filtered off and the organic solution was washed twice with 0.5% NaOH and once with distilled water. After that, the solvent was removed using a rotary evaporator and the resulted residue was dried for 24 h at 50 • C. All monomers were recrystallized from hexane before being subjected to analysis. The characteristics of monomers M1-M5 are shown in Table 1 .
Results and Discussion
All azobenzene containing methacrylic monomers have been obtained with reasonable good yields and purities; their structures were characterized by 1 H-NMR, 13 C-NMR, FT-IR and UV-Vis spectroscopy.
Solubility Behavior
Both chromophores and monomers were tested in a number of solvents (see Table 2 ). It can be noticed that the solubility of the azo intermediate products was not a good one, due to the physical bonding (hydrogen bonds) which are likely established among OH end-groups. After the introduction of methacryloyl group, the azo-containing methacrylate monomers have shown a better solubility in all tested solvents. 
FT-IR Characterization
Looking at the FT-IR spectra for monomers (see Fig. 2 ), we can notice that the absorption band of hydroxyl group (ν OH ) at 3300-3500 cm −1 completely disappeared as the absorption of ester band, ν C=O and ν C−O , appeared at about 1730 and 1110 cm −1 , respectively (visible in all cases); which confirms covalent linking of the methacryloyl group. There are some typical peaks which can be identified in both monomer and chromophore spectra, such as 2229 (CN), 1524 (N=N), 1342 and 1524 (NO 2 ) cm −1 .
1 H-NMR Characterization
From 1 H-NMR we were able to notice that after the introduction of the methacryloyl group some of the signals shifted to the right and some new ones appeared. The proton spectra exhibited similarities and for this specific reason, we chose for exemplification only proton spectra for one chromophore C4 (see Fig. 3 ) and its corresponding monomer M4 (see Fig. 4 
13 C-NMR Characterization
In this case also, for exemplification we have selected 13 C-NMR spectra for monomer M4 (see Fig. 5 ) to be more evident when identifying the carbon signals. For all monomers the chemical shifts are given in Table 3 .
UV-Vis Characterization
The monomers and chromophores were investigated at 25 • C in dioxane using UV-Vis spectroscopy, and measuring the molar extinction coefficients for every compound (see Table 4 ). Looking for λ max values, one can notice that each chromophore absorbs at longer wavelengths than its corresponding monomer, which can only mean that the conjugation system is extended to the double bond. The absorption is enhanced with increasing interactions between substituents.
Conclusions
It is well known that similar methacrylate monomers containing azobenzenes were characterized and used as precursors in free radical co-polymerization; such polymers are still investigated for stable non-linear optical (NLO) properties. To the best of our knowledge the monomers synthesized by us have not been described in the literature. Therefore, these monomers were first characterized as detailed as possible. The structures we have proposed, presented in the Experimental section, are in good agreement with FT-IR, 1 H-NMR, 13 C-NMR and UV-Vis spectroscopy. All monomers have been obtained with satisfactory yields and purities, using conventional methods of synthesis and accessible raw materials. The azo-monomers showed improved solubility in comparison with their corresponding chromophores, due to the methacryloyl group. These monomers were successfully tested in copolymerization with methyl methacrylate, leading to co-polymers with a rich content in chromophore units. These new data will be reported in another paper.
